Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography ISSN 1598-4850(Print)

Vol. 37, No. 3, 129-141, 2019 ISSN 2288-260X(Online)
https://doi.org/10.7848/ksgpc.2019.37.3.129

A= 7ol T2 2l Lo 7 AR 24
Spatial Econometrics Analysis of Fire Occurrence According to Type of
Facilities

RLIC N

Seo, Min Song - Yoo, Hwan Hee

Abstract

In recent years, fast growing cities in Korea are showing signs of being vulnerable to more disasters as their
population and facilities increase and intensify. In particular, fire is one of the most common disasters in Korea's
cities, along with traffic accidents. Therefore, in this study, we analyze what type of factors affect the fire
that threatens urban people. Fire data were acquired for 10 years, from 2007 to 2017, in Jinju, Korea. Spatial
distribution pattern of fire occurrence in Jinju was assessed through the spatial autocorrelation analysis. First,
spatial autocorrelation analysis was carried out to grasp the spatial distribution pattern of fire occurrence in
Jinju city. In addition, correlation and multiple regression analysis were used to confirm spatial dependency and
abnormality among factors. Based on this, OLS (Ordinary Least Square) regression analysis was performed
using space weighting considering fire location and spatial location of each facility. As a result, First, LISA
(Local Indicator of Spatial Association) analysis of the occurrence of fire in Jinju shows that the most central
commercial area are fire department, industrial area, and residential area. Second, the OLS regression model was
analyzed by applying spatial weighting, focusing on the most derived factors of multiple regression analysis, by
integrating population and social variables and physical variables. As a result, the second kind of neighborhood
living facility showed the highest correlation with the fire occurrence, followed by the following in the order of
single house, sales facility, first type of neighborhood living facility, and number of households. The results of
this study are expected to be useful for analyzing the fire occurrence factors of each facility in urban areas and
establishing fire safety measures.
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Where n is Number of unit areas, x; is Observations in unit
area 1, T is Average of all unit areas, wWj; is spatial weight, X;

is 7 area Properties, Xj is j area Properties

A2 wek 2)4=0] B¢ 54 A gt Qe Sl
A So] Zhe 715 Bagko] A2 GARH tehtd
LA o=, w2 54 A99) gt lxdstal gl
Wl 2)ej o] Zhe 743 Bgke] Aok A BAEw
ol 27| Ak 2 wHAJs1A Elok whaba] ]2 LISA £4
3 2 Ao Futel Gkl ghe 2 FUHA 23
et frol g BT o Qlrk T3, A4 o] A
Aof| ot AR = ==5F 4=tk
AT} Zhe -1 AR 1717 9] ghe 7
% 2 52 ghol AR Aol FURLT Holo,
1o 772 % 2 ghgo] 23 Qe FHEES etk

(Lee and No, 2013).

2 AN 2 R
2 do rlr o2 N

i

émloJ

22 B2t 7z =

2.2.1 3L 7tER AE

B Ol AR 2 5 54 A7) ekl
SR PICEE O gol
ek B0l A7) ARAE 254 1 44 207
A= 374 Q154 (Spatial neighborhood)-& 425}l =
o Aelek 304 ) ekl e 44 31
o] g3t FHAIE FASHoIoF FHrh(Yeon, 2016).
}v YEE 5= B A F 7= U A ok
2174 (spatial contiguity) 2 7|52 2 L&5l= W 11
I F7F Ag(spatial distance)Z 7|20 &2 1= HhHolc),
A 7]4ko] 7}Tx]%} 7R 01X T1Ele] 01F e 7
A A5 ale AL om|sit) Agz|er 7
"é(contlgulty)—— 67 A 2 LHE 2= 9] o] AlA|
7uko 2 thoFgt -3-8-0] 7Hs3lth(James ef al, 2008).
= 29 7ro] A4 (accessibility)o]] T3t HE =
Qo F7HA A}S A8 (spatial interaction)®] =
. 045 2 7HEAE T}
2]9] =7} 714 o] A-g-Eth(Baller eral, 2001).

mlo

S
o N

= )
s

oy Ho e E of of o°'
e
JP>

A

= m]m iy

o,
ok
ol rSL'

:Iog‘
e
sy et

N
_}I_‘
2
oo
il
4
H1
39,
ul
N
R
r-[o
>H

ofr
S
il
N

2.2.2 M3 =H

37 LAl AYHACr)7E FEHR(] olm

S WX LS RS B O R, 87 B4 43
SHe BAe Sauseh AEUSS Aolo] S 71y &
Agehis 319 A1 243 F, 71 F48 SR NE X,
grel wistol upel hsHe v gk S ahin B34 &
22 F31 olek ARSI E A} F L4 AL
A0 2 b 242 7bgshan olck theb] SAH 0
5 4 7o A AAARILE 24P S8 AL RS

sl Al ofol Sk AR Wbl 4 2
Aoll TASE AL 2 A= X550 T&5Me= Y=o of
U] ZHER el $EEolct, o2 Zoj2l dlolelE A
7o 2 B7] A e Lslshd = 5?— ol BAE A& S
5= Qlck 3l A4S FEHeet 7 SENMAE A
A3l= 7Y ARt 3l A 3 Ao IEP. o5 W 7he)
‘%EPH—tﬂ 7V Attt A7 E = 394l o2
g, ofd IAHE 7HeEA F&5Haet A
74] = 7P A AdE o ol BHAE FHeliok
Jolgt vl 22 Ae F=4sh7] Sl A
]EP 7}” F2 3Flolsk ojd 3l 4do] =
2749 o34 V,9} A2, o) 2ol
7}%31 A ’5‘HZL BAAE FHohe Aotk 1kaket
il A 23] 7ke] A AR 2N &4 ¥,7}
NZA] Y, 76“?‘ A= (7 He, v 9S4 9,
7V AEA] v, B} 2R A9 A= (H)7F "k o]AE 7HE
Zsksl g YAolzt Zkake] 32 714 2| sl A Aol
ey (AR (O REE AR R Yekube 9
2R duba o 2 A} Ale] s Fa s st 4
= ol Elok AF 39 w412 245 (OLS: ordinary
least square method)o|2}al 2= o]Q-= A4S HLol=
7]50] 22} Al 5o e Fa3ete A4S 5] wio]
t}. o] & A0 2 YEMH Eq. (2)2} Zth(Lee and No, 2013).

> o mlm
A

e S
oo o
Prl‘,j._l,ﬁio
FlFHErLl

>i _!>“

2
)

b
tlo
=
£
-111

o o 2 oo o R X0 oo

>
=
2
ox
:l'; ©
0=
mm JIN’
E

mmEe = mlnE )A/; ?2)

e T XoF R Yoro] IAIE 245k flel &
Ho RrE 245 A a, b7t BT Bl o865
HeslA] 2 23817] 9lefiils 24 sl mdo] 317 HAo
A AL E= 71 PSS TS A AR Itk T Ak
H S| do] et AgEnkS AAskal 7| E 7S £ £35)
AL METHE A 2 A 7 ARt g e et
ato] &3 A9 275 T 70l

131



Journal of the Korean Society of Surveying, Geodesy, Photogrammetry and Cartography, Vol. 37, No. 3, 129-141, 2019

31 %2 75 & 7Y

A7) Bp WA oRERg] A 919 A TAT
% WP e gt gk

A, 2007 A% 20179712 107F Q54 ] B 2
Aol @25 o) eid S Y BIARGA, AL, <)
YAl ) E)E 49l o] EOIER EAS
o] 2|2 51%(Geocoding) 219} ANSCE. 47} Hoyst
3 AT 7 2 52 ALston] RN T F
RISHRIoA] A SR ThE AL BhAjo] B2 W T
2 ASf3t 5 wole] sk WAy 1786702 HE AR BE
shgick

A BH

) Fig. 17} 2rek.

[es

¢

A3 2ol

glolel= vehu of

Fig. 1. Fire situation of Jinju city(2007-2017)
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Table 1. Number of Each Census Output Area

Name of administrative- | Number of Each Census
dong Output Area

Ga ho-dong 49
Sang dael-dong 27
Sang dae2-dong 22
Sang bong-dong 36
Sangpyeongdong 28
Sung buk-dong 24
Shin an-dong 27
Lee hyun-dong 27
Jung ang-dong 27
Cheon jeon-dong 66
Cho jang-dong 45
Pan mun-dong 48
Pyeong gu-dong 57
Ha dael-dong 29
Ha dae2-dong 24
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Table 2. Number of facilities in Jinju city

Type of facilities Usage Number
Apartment house Apartment, town house, multi-family house, dormitory 1638
Detached house Single-family houses, multi-family houses, multi-family houses 27241
Factory Factory 2528
Sightseeing rest facilities Outdoor music hall, outdoor theater, rest area, park, etc 29
Business facilities Public office facilities, general business facilities, office buildings, etc 1688
Sales facili;ie; (rpultiple living Multiple use facility 275
acilities)
The first type neighborhood Retail stores, rest restaurants, beauty salons, bathe, clinics, table tennis
facilities courts, local autonomous centers, town halls, offices, etc. 1963
The second typ; peighborhood Performance hall, religious hall, booksto.re, photo shop, rest restaurant, 4007
facilities general restaurant, reading room, etc.
Sales facilities Wholesale Markets, Retail Markets, Stores 3761
Accommodation facilities General accommodation, living accommodation, etc 328
Educational research facilities Schools, training centers, job training centers, etc. 1479
child and elderly facilities Facilities related to children, welfare facilities for the elderly, etc 193
Facilities for animals and plants Houses, cattle facilities, slaughterhouses, etc 165
Training facilities Living life training facilities, natural rights training facilities, etc 5
Exercise facilities Table tennis, physical education, tennis court, etc 37
Culture and assembly facilities Performance hall, meeting place, exhibition hall, exhibition hall, etc 95
Transportation facilities Railway facilities, port facilities, passenger car terminal 60
Amusement facilities Dansan liquor shop, night life liquor shop, etc. 358
Cemetery related facilities Cosmetic facilities 8
D;;lo%:eer:slil;gsz rcai%ieﬁzrsld Gas station, liquefied petroleum gas station, etc 308
Medical Facilities Hospital, quarantine hospital 89
Automobile related facilities Parking lot, car wash, junkyard, driving school etc 567
Resource circulation facilities Sewage treatment facilities, stoneware, etc 130
Funeral facilities Funeral hall etc 5
Warehouse facilities Warehouses, loading docks, home delivery facilities, etc 563
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Table 3. Human and social variables

‘s . Variable .
Division Variable name Details
Dependent variable Number of fire Fire count Number of fire occurrence
Population Number of people to_in_ 001 Number of population
(persons)
House Households to_ga 001 Number of households
One generational Number of one generational
household ga_sd_001 household
Two generational a sd 002 Number of two generational
Human household 8a_8¢_ household
Independent and social Th tional Number of th tional
variable | . ree generationa umber of three generationa
variables | Furniture by household ga_sd_003 household
household ; -
composition Four generational a sd 004 Number of four generational
p household ga_se_ household
One person
household ga sd 005 Number of One person household
Non-family .
houschold ga sd 006 Number of Non-family household
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Fig. 2. Global Moran's I Index
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Table 4. Physical variables

Spatial Econometrics Analysis of Fire Occurrence According to Type of Facilities

Division Variable Variable name Details
Dependent variable Number of fire Fire_count Number of fire occurrence
Apartment house apt_house (Area of each variable / area) * 100
Detached house det_house (Area of each variable / area) * 100
Factory factory (Area of each variable / area) * 100
Sightseeing rest facility tour_fac (Area of each variable / area) * 100
Business facility business fac (Area of each variable / area) * 100
Salgs facﬂlty.(m.ultlple life_fac (Area of each variable / area) * 100
living facilities) -
The first type neigl fac (Area of each variable / area) * 100
neighborhood facility -
_The second type neig2 fac (Area of each variable / area) * 100
neighborhood facility -
Sales facility sale fac (Area of each variable / area) * 100
Accommodation facility stay_fac (Area of each variable / area) * 100
Educatlon_a 1 rescarch edu_fac (Area of each variable / area) * 100
facility -
child and elderly facility child_old_fac (Area of each variable / area) * 100
Independent | Facility Facilities ;‘;;g::ma]s and ani_fac (Area of each variable / area) * 100
variable variable — — ] -
Training facility train_fac (Area of each variable / area) * 100
Exercise facility spots_fac (Area of each variable / area) * 100
Culture ar}c} gssembly cul_fac (Area of each variable / area) * 100
facilities
Transportation facility trans_fac (Area of each variable / area) * 100
Amusement facility rec_fac (Area of each variable / area) * 100
Cemete.r yr elated cem_fac (Area of each variable / area) * 100
facilities -
Dangerous storage and dan_fac (Area of each variable / area) * 100

processing facility

Medical Facilities medical fac (Area of each variable / area) * 100
Automob1.1§: related car_fac (Area of each variable / area) * 100
facilities -
Resource .c1.rculat10n res_fac (Area of each variable / area) * 100
facility
Funeral facility fun_fac (Area of each variable / area) * 100
Warehouse facility stor_fac (Area of each variable / area) * 100
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Table 5. Correlation coefficient between fire occurrence and human and social variables
Fire_ to_ to_ ga_ ga_ ga_ ga_ ga_ ga_
Count in_001 | ga 001 | sd_001 | sd_002 | sd 003 | sd_004 | sd_005 | sd_006
Fire_Count 1 .160™ 657 638" 138" 156 .041 621" 011
to_in_001 .160™ 1 216™ 236™ .256™ 253" .021 354 .003
to_ga 001 657 216" 1 453" 216™ 423 102 156™ 243"
ga_sd_001 .638™ .236™ 453 1 2127 235 013 2217 235
ga_sd 002 138 .256™ 216" 2127 1 158" 134 654" .013
ga_sd_003 156™ 253" 423 235" 158 1 130™ 021 123
ga_sd_004 .041 021 1027 013 134 130™ 1 131 148"
ga_sd_005 621 354 156™ 221 654" 021 1317 1 127
ga_sd_006 011 .003 243" 235" .013 1237 148" 127 1

#%p < 0,01, *p < 0.05
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Table 6. Correlation coefficient between fire occurrence and Physical variables

g(::il—t Tl?)?lts; | factory | _tour | _edu _cl;li:ld_ h((ilflts_e _ani _cem _cul | _train | _acc _task
g;lrl‘l’l—t 1 247 | amae | 215% | o72%s | 255wx | 382%+ | 4p1%* | 035 | 266%% | 073 | 258%% | 132%
edu_fac | 272%* | -148% | 002 018 1 050 045 | 3200 | 004 | 81t | 006 | -018 | .21
child
old oo | 25T | -103t | a0 |02 050 1 279%% | 126% | 356%* | 115%* | -012 064 | 218%*
hiflts_e 3820 | _497%x | 027 | 199%* | 045 | 279%x 1 250%% | .003% | .128% | 029 094% | 315%x
ani_fac | 421% | -119% | -001 056 | 3200 | 126** | 250% 1 065 | 467 | 003 | -001 | .208*
cem_fac | 035 | -045 | -005 013 004 | 356% | 003 | 065 1 043 | -003 020 | 119%
cul_fac | 266 | -081 | -006 | 276+ | as1** | 11s+x | 128%* | 467 | 043 1 400%* | 182%% | 200
trans_fac | 073 | -051 | -005 | .659** | -006 | -012 029 003 | -003 | .400%* 1 3270 | 104
stay_fac | 258% | 128 | 110+ | 217%* | -018 064 | .094% | -o01 020 | .182%x | 327 1 283%*
hill)lts_e 24T 1 010 | -093* | -148%* | _103* | 497 | _119% | _045 | -081 | -051 | -128%* | -269%*
factory | 474%* | -010 1 007 | 002 109% | 027 | -001 | -005 | -006 | -005 | .110* | .395%x
tour_fac | 215% | -093* | -007 1 018 021 | 199%¢ | 056 013 | 276%¢ | .650%x | 217%x | 116%x
b“sfg‘cess 132%% | J269%* | 395%% | 116¥* | I21%* | 218** | 315%% | 208%x | 11o%x | 200% | 104% | 283 1
life_fac | 375% | -173% | 073 004 021 105% | 103* | -024 | 078 036 024 | 539 | 377
spots_fac | 013 064 | -004 | -004 | -008 | -010 011 001 | 003 | a75% | -002 016 | -007
_for 4467 | -053 042 | 36 | 037 009 | 247%% | 105% | -004 ol4 | -003 056 | .147%x
fun_fac | 282+ | -237% | -017 008 042 067 | 098 | -008 010 041 019 | 4gar | 197%
dan_fac | 457+ | -075 | 8I% | 086* | .104* | 160%* | 310%* | 344% | 257e | 13¢% | 011 | 183%* | 362+
megiccal_ 206** | -077 044 | -004 | 165** | 020 059 | 3020 | 006 | .194%* | -005 083 | 139
car fac | A81%* | -053 | 733 | 0I5 032 | 1400 | 004 | 008* | 048 040 018 | 306% | 502%+
res_fac | 043 | -029 | 705% | -008 | .009% | 162** | 151+ | 308%* | -007 | .170%* | -006 | 044 | 504%
fun_fac | 369%% | -060 | -002 | -005 | 301%* | 086% | 067 | 715%% | 444%x | 4gsex | 003 | -014 | 267+
neigl_fac | 513+ | -318%* | 067 043 096% | 122%% | 286** | 1a4x | 083 | .38** | 073 | 370%* | 476*
neig2 fac | .570%% | -364 | 173+ | 00% | 125%% | 335%x | 367%x | 180% | I83% | 244w | 085% | Alpee | 573w
stor fac | 465%* | -008* | 533+ | 112% | 186e | 253 | 354w | soper | q7ger | 313% | 004 | .123%* | 44ges
sale_fac | 666%* | -247%% | 405%% | 051 | 150% | 102¢ | 179%* | 356+ | 028 | 313% | 075 | .355%* | 597+

#%p < 0.01, *p < 0.05
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Table 7. Human-Social-Physical variable regression analysis model summary

Model R R squared Modified R squared Durbin-Watson Psri(;r):il[li)il;;);gf
1 6652 435 432 001a
2 721b 536 535 001b
3 785¢ 617 615 .000c
4 852d 742 740 .000d
5 863¢ 763 762 .000e
6 882f 779 776 .000f
7 925¢ 856 855 2.062 000g
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Table 8. Human-Social-Physical variable regression analysis model summary

Non-sta;; (iil;‘;lilation Standardization factor
Model R Standard R t Standardization factor
error eta

(constant) -251 .028 -12.753 .000
to_ga 001 185 .004 .656 29.142 .000
(constant) =213 .051 -9.412 .000
to_ga 001 165 012 449 28.553 .000
_sales 234 .009 408 19.245 .000
(constant) -.202 .025 -7.886 .000
to_ga 001 162 .005 467 28.654 .000
_sales 235 028 354 18.756 .000
_house -.031 011 -.065 -3.524 .003
(constant) -.165 .030 =771 .000
to_ga 001 163 .008 453 28.546 .000
_sales 222 028 351 18.468 .000
_house -.042 011 -.053 -4.365 .002
_neig_1 331 .009 321 18.365 .000
(constant) -163 .029 -6.245 .000
to_ga 001 164 .007 423 27.545 .000
_sales 231 .029 213 17.514 .000
_house -.043 011 -.054 -3.547 .003
_neig_1 137 .009 264 3.486 .000
_neig 2 238 .016 432 14.125 .000
(constant) -153 .030 -6.956 .000
to_ga 001 119 .008 423 26.254 .000
_sales 297 027 235 17.234 .000
_house -.062 011 -.046 -4.246 .001
_neig_1 142 .009 246 20.654 .000
_neig_ 2 253 016 324 16.246 .000
_exercise -072 .013 -.82 -4.652 .002
(constant) -203 .029 -3.456 .000
to_ga 001 135 .008 462 25.465 .000
_sales 294 028 268 17.236 .000
_house -071 011 -.042 -3.954 .002
_neig_1 153 .009 235 14.268 .000
_neig 2 243 016 347 12.998 .000
_exercise -.067 012 -076 -2.246 .001
_sales_all 326 .029 426 2.156 .000
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Fig. 6. Scatter plot of residuals and forecasts
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Table 9. OLS analysis result

Division Variable name Coef. O:‘S P
Human-Social variable Number of households 0.0334 4.8195 0.016
Sales facility 0.0935 6.2825 0.049
Detached house 0.3465 2.4281 0.001
Physical variable The first type.n.eighborhood 0.0725 50560 0.000
facility
The second type
neighborhood fa}:(l:)ility 0.5923 2.5261 0.000
.. R2 0.768 - -
Model statistics Adj R2 0753 N N
Regularity Condition Number 5.804
Jarque-Bera 523.57 - 0.000
Breusch-pagan 497.67 - 0.000
Evenly dispersed Kosenker-Bassett 115.93 - 0.000
White 217.86 - 0.000
Spatial dependency Likelihood ratio - - -
Log likelihood -1255.2 - -
Suitability of model AIC 25404 - -
SC 2604.66 - -
Lagrange Multiplier (lag) 4.563 - 0.012
Robust LM (lag) 6.145 - 0.136
Lagrange Multiplier (error) 7.454 - 0.001
Robust LM (error) 8.695 - 0.000
LM-SARMA 14.841 0.000
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